A new method with extremely large friction force by broad interface of carbon fiber (CF:6 µm-diameter) cloth coated by nickel (Ni) to control Al 4 C 3 formation rate and to enhance the ability of fiber rapping by molten Al have been suggested for a joint (Al/cloth/ABS-CFRP) of carbon fiber reinforced ABS polymer (ABS-CFRP) and aluminum (Al). The new joint part was strengthened by impregnated nickel-coated carbon fiber cloth. The Al/cloth/ABS-CFRP joint exhibited the high values of the initial and maximum elasticity ((d·/d¾) i and (d·/d¾) m ), as well as the tensile strength (· b ) of Al/cloth/ABS-CFRP (8.38 MPa), which was 5.3 and 16.1 times higher than that of Al/Glue/ABS and Al/ ABS, respectively. Based on the XRD analysis and EPMA observation, aluminum carbide could not be detected. Consequently, the new joint method by using carbon fiber cloth remarkably enhanced the safety level with lightweight and high resistance to fracture of airplane.
Introduction
Aluminum and carbon fiber reinforced polymer (CFRP), 13) which are typical light structural materials not only to save the energy, but also to enhance the mobility of aircraft, have been already utilized for dream worthy mover machines as well as airplanes. Although the four joint methods of welding, blazing, rivet connecting and glue are useful, they often reduce the materials strength.
An ABS polymer is one of typical engineering plastics with high impact strength.
The high impact value has been explained by stress relaxation by elastic PB particles dispersion in ABS matrix phase with high rigidity. Thus, the high strength can be expected.
If the Al/ABS joint with high strength can be developed, the high reliability with safety can be expected for high speed mover machines.
In order to enhance the joining strength, a new joining method with extremely large friction force by broad interface of carbon fiber (CF:6 µm-diameter) has been suggested. 4) However, both aluminum carbide formation and imperfect contact between CF and molten Al are the serious problems to enhance the contact area at CF/Al interface. To suppress the carbide formation, the carbon fiber was covered with the nickel to suppress the Al 4 C 3 formation. Moreover, to strengthen the joint, the carbon fiber cloth is one of effective method to enhance the volume fraction of carbon fibers at joint part.
Thus, the purpose of the present work is to evaluate the effects of the new method on the static mechanical properties of the tensile strength (· b ), its strain (¾ b ), the initial elasticity (d·/d¾) i and the maximum elasticity (d·/d¾) m of Al/ABS-CFRP joint reinforced by carbon fiber cloth (Al/cloth/ABS-CFRP).
Experimental Procedure

Sample preparation
A carbon fiber reinforced light metals has been developed to join the carbon fiber reinforced Cu-Al alloy. 5, 6) Figure 1 shows schematic illustration to prepare the Al/cloth/ABS-CFRP joint sample. Figure 1(a) shows the Ni interlayer surface skin film around CF was coated by DC-magnetron spattering device. The leak rate, residual gas pressure, argon gas sputtering pressure, sputtering potential, sputtering current and deposition rate were from 8 © 10 ¹6 to 1 © 10 The 1st step of the welding method was that the Ni coated CF cloth was contacted and wrapped with molten aluminum by capillary phenomena before solidification, as shown in Fig. 1(b) . The electron beam melting was performed by 10 kV potential and 15 « 5 mA current under 1.3 © 10 ¹3 Pa of residual gas pressure.
After solidification of Al parts with Ni coated CF cloth, the other side of the Ni coated CF cloth without wrapping Al was dipped in the ABS resin. As shown in Fig. 1(c) , ABS polymer and acetone were mixed during dipping carbon fibers before making composite prior to drying.
7) The mixing molar ratio of ABS polymer solute per acetone solvent
After resin vitrification, the sample of Al/cloth/ABS-CFRP was precisely shaved off.
As shown in Fig. 2 , the samples of Al/cloth/ABS-CFRP, Al/Glue/ABS and Al/ABS for tensile test were prepared. The sample length, width, thickness, CFRP length, Al length and inserted fibers bundles were 60, 10, 3, 30, 35 and 7 mm, respectively.
In addition, samples of Al/ABS-CFRP with and without glue (LOCTITE 410, Henkel Japan, Tokyo) at atmospheric pressure at 293 K were prepared to evaluate the effects of CFreinforcement of the new joint.
Tensile test
To evaluate the static fracture toughness, the tensile strength was measured by using Materials tensile testing machine (3367 for INSTRON, INSTRON Japan, Kanagawa).
13)
The morphology was observed by using a SEM (S-3200N, HITACH, Tokyo). Composition distributions of carbon, titanium and nickel elements in matrix and those in carbon fiber were detected by using an EDS (EMAX5700W, HORIBA, Kyoto) and Electron probe micro-analyzer (EPMA-1610, 15 kV, 10 nA/Shimazu, Kyoto), respectively. The X-ray diffraction was measured by using an XRD (MiniFlex, Cu-K¡, Rigaku, Tokyo) on 10 ¹3 deg/s of scanning rate. The (d·/d¾) i and (d·/d¾) m are 1.39 GPa and 2.13 GPa for Al/cloth/ABS-CFRP, 0.084 GPa and 0.14 GPa for Al/Glue/ ABS and 0.32 GPa and 0.32 GPa for Al/ABS, respectively.
Results
The (d·/d¾) i for Al/cloth/ABS-CFRP (1.39 GPa) are 16.5 and 4.34 times higher than those (0.084 and 0.32 GPa) for Al/Glue/ABS and Al/ABS, respectively.
The (d·/d¾) m for Al/cloth/ABS-CFRP (2.13 GPa) are 15.2 and 6.7 times higher than that (0.14 and 0.32 GPa) for Al/Glue/ABS and Al/ABS, respectively.
Both (d·/d¾) i and (d·/d¾) m of Al/cloth/ABS-CFRP were extremely higher than those of Al/Glue/ABS and Al/ABS. 
Morphological discussion
As shown in Fig. 5 , the sample fracture occurs at joint interface for all samples with and without carbon fiber cloth. Furthermore, the fracture firstly generates the carbon fiber of Al/cloth/ABS-CFRP samples because of higher ductility of ABS resin than carbon fiber. 100 µm 100 µm 100 µm 100 µm 100 µm 100 µm 100 µm 100 µm joint, although metallic elements cannot be precisely detected in carbon fibers. Based on the EPMA results, Ni and Al atoms cannot be detected in carbon fibers. Figure 7 shows SEM photograph of Ni-coated carbon fibers before dipping in molten aluminum. The carbon fibers were remarkably covered with nickel film with 0.5 « 0.3 µm in thickness.
When the carbon fiber without Ni-coating has been directly contacted with molten aluminum, aluminum carbide has been formed at CF/Al interface. 8) On the contrary, the Ni-coating is predicted to prevent the carbide formation. Therefore, we conclude that the Ni coating has controlled the formation rate of Al 4 C 3 in the Al/cloth/ABS-CFRP joint sample. Since molten aluminum doesn't tremendously bite the carbon fiber, the Ni coated carbon fiber exhibits to maintain the high strength.
Conclusion
A new method with extremely large friction force by broad interface of carbon fiber (CF:6 µm-diameter) cloth coated by nickel (Ni) to control Al 4 C 3 formation rate and to enhance the ability of fiber rapping by molten Al have been suggested for a joint (Al/cloth/ABS-CFRP) of carbon fiber reinforced ABS polymer (ABS-CFRP) and aluminum (Al).
(1) The new joint part was strengthened by impregnated nickel-coated carbon fiber cloth, which exhibited the higher values of tensile strength (· b ), its strain (¾ b ), the initial elasticity (d·/d¾) i and the maximum elasticity (d·/d¾) m . The · b , ¾ b , (d·/d¾) i and (d·/d¾) m of Al/ cloth/ABS-CFRP were 8.38 MPa, 0.0057, 1.39 GPa and 2.13 GPa, respectively.
(2) The tensile strength (· b ) of Al/cloth/ABS-CFRP was 8.38 MPa, which is 5.3 and 16.1 times higher than that of Al/Glue/ABS (1.58 MPa) and Al/ABS (0.52 MPa), respectively. (3) Based on the XRD analysis and EPMA observation, aluminum carbide was not easy to form. Thus, the high strength of carbon fiber was confirmed. Consequently, the new joint method by using carbon fiber cloth and ABS resin remarkably enhanced the safety level with lightweight and high resistance to fracture. 
